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Introduction 


MicroDNAs  are  a  special  group  of  extrachromosomal  circular  DNAs  (eccDNAs)  derived 
from  chromosomal  repetitive  sequences,  intermediates  of  mobile  elements  or  viral 
genomes.  They  are  generally  small,  can  be  mapped  to  unique  DNA  sequences,  and  arise 
from  various  genes  through  deletions  and  circulations.  Since  they  are  circular,  they  are 
resistant  to  exonuclease  and  are  more  stable  present  in  the  cells  or  even  possibly  in  the 
circulating  system.  Based  on  these  findings,  we  hypothesize  that  prostate  cancer  may 
exploit  this  mechanism  for  its  own  advantage  and  thus  may  express  a  very  different 
microDNA  pattern  from  normal  prostate  tissue.  This  different  pattern  can  be  detected  by 
currently  advanced  technology  such  as  deep  sequencing.  Therefore,  overall  goal  of  this 
application  was  to  determine  whether  prostate  cancer  cells  express  specific  microDNAs 
which  may  contribute  to  prostate  cancer  pathogenesis  and  thus  they  may  serve  potential 
biomarkers  for  prostate  cancer  diagnosis  or  prognosis. 

Body 

Task  1.  Determine  whether  prostate  cancer  cells  display  different  patterns  of 
microDNAs  from  those  of  normal  tissue  or  indolent  diseases 

Results 

Little  is  known  about  microDNAs,  and  it  is  not  clear  whether  prostate  cancer  cells  carry 
potential  microDNAs.  Thus  our  goal  was  to  demonstrate  the  existence  of  microDNAs  in 
prostate  cancer.  We  adopted  multiple  displacement  amplification  (MDA)  with  random 
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primers  for  enriched  circular  DNA  by  rolling  circle  amplification  (RCA)  and  then 
amplified  DNA  fragments  were  subject  to  deep  sequencing. 


Deep  sequencing  of  the  amplified  DNA  fragments  identified  several  potential  microDNA 
sequences.  The  detailed  sequences  of  4  microDNAs  were  shown  in  Fig.  1.  All  4 
microDNAs  were  within  lkb  in  length.  In  particular,  PCA-microDNA  7  carries  AA,  AT 
or  TT  dinucleotides,  a  feature  of  microDNAs;  in  addition,  its  GC  content  is  relatively 
high  (58.4%),  another  feature  of  microDNAs. 


PCA-microDNA-1 ;  971  bp 


AATC  ATC  RC  AT  AGAATC  GAATGM  AATTATC  ATC  GAATGGAATC  GAATRGAATC  AAC  ATC  AAAC  AGAAAAAAAC  ATAATT 
ATCC  AATT AAATCGAAGATAATC  ATT AAAT  GT ACCC  AAATGC  AATC  ATCT AAT  GGAAT  GGAAT  GGAAT AATCC  AT  GGAC 
TC  GAATGC  AATC  ATC  ATC  GAATGGAATC  GAATGGAATC  ATC  GAATGGAC  TC  GAATGGAAT  AATC  ATTGAAC  GGAATC  GA 
AT  GGAATC ATC ATCGGAT GGAAAT GAAT GGAATC ATC ATCGAAT GGAATC  GAAT AGAATT AT GGAAT GAAATCC AGT GT 
GATCATCATCGAATGGACCCGAATGGAATCATCATCCAACGGAAGCTAATGGAATCAACATCGAATGAATCAAATGGAA 
AC  ACC  ATC  GAATTGAAAC GAAT GGAATT ATC AT GAAATT GAAAT GGAT GGAC TC ATC ATC GAATGGATTC GAATGGAAT 
C  ATCGAAT AAAATTGATTGAAATC  ATC  ATCGAATGGAATCGAATGGT ATC  ATTGAATGGAATCGAATGGAATCATC  ATC 
AGAT  GGAAAT  GAAT  GGAATC GTC ATAGAATGGAATC GAATGGATTC ATT GAAT GGAAT C AGAT GGAATC AT C GAATGGA 
C  T  GGAAT  GGAAT C ATT GAAT GGAC TC  GAAAGGGATC ATT ATT GAAT GGAATT GAAT GGAAT C ATC GAATGGTC TC GATT 
GGAATC ATTATC AAATGGAATCGAATGGAATCACCGAATAGAATCGAATGGAAC AATC ATCGAATGGAGTCAAATGGAA 
TT ATC  C  TC  AAATGGAATC GAAT GGAATT AT C GAATGC AATC GAAT GGAATT AT C GAATGC AATC GAAT AGAATC ATC G A 
ATGGACTCGAATGGAATCATCGAATGGAATGGAATGGAACAGTCAATGAACTCGAATGGAATCATCATTGAATGGAATC 


PCA-microDNA-7;  286  bp 


GT  AT  AATGTGGTGGC  C  AGGTGC  AGTGGC  TC  AC  GCC  TGT AATCC  C  AGC  AC  TTT  GGGAGGCC  GAGGTGGGC  GGATC  AC  GAG 
GTCAGGAGATCGAGACCATCCTGGCTAACATGGTGAAACCCCGTCTCTACTAAAAATACAAAAAATTAGCCGGGCGTGG 
T  GGT  GGGC ACCTGTAGTCCC AGCTACTCGGGAGGCTGAGGC AGGAGAAT GGCGT GAACCCGGGAGGCGGAGCTT GC AGT 
GAGCCGAGATCACGCCACTGCACTCCAGCCTGGGTGACAGAGTGAGACA^MBi^^BBBBi^MMl 


PCA-microDNA-9;  710  bp 


PCA-microDNA-1 1 ;  450  bp 


I  I  I  I  I AGTAGAGACGGGGTTTCACCGTGTTAGCCAGGATGGTCTCGATCTCCTGACCTCGTGATCCGCCTGCCTCGGCC 
FCCC  AAAGT  GCT  GGGATTAC  AGGCGT  GAGCC  ACCGT  GCCC  AGCCGAGAT  GAATTTTT  GAC  AAAAAAATC  AAT  AT  GGAAT 
TTATTTC GTGTTC AC TT AATTT AGGAC TC AAAATATC TT ATTTC AAGAGAC C AAGT AT AT GGC TAATTGAAC AGAGGAA 


Fig.  1  Nucleotide  sequences  of  4  potential  microDNAs  based 
on  deep  sequencing  data. 
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Task  2.  Determine  whether  prostate  cancer  cells  display  different  patterns  of 
microDNAs  and  their  role  in  tumor  cell  growth  in  cell  culture  models 


Next,  we  detected  their  expression  in  normal  prostate  cell  line  RWPE-1  and  prostate 
cancer  cell  line  LNCaP  and  found  that  expression  of  PCA-microDNA  7  is  higher  in 
LNCaP  cells  than  in  RWPE-1  cells  (Fig.  2),  whereas  there  is  no  difference  for  the  other 
three  microDNAs  between  these  cell  lines,  suggesting  that  PCA-microDNA-7  may  play 
an  oncogenic  role.  To  test  this  hypothesis,  we  cloned  PCA-microDNA-7  in  pCDH 
expression  vector.  MTT  assays  support  the  oncogenic  role  of  microDNA-7  in  tumor  cell 
growth  (Fig.  3). 


Fig.  2  Expression  of  microDNAs  in  RWPE-1  and  LNCaP  cells. 
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Task  3.  Detect  microDNAs  in 


Fig.  3  PCA-microDNA-7  promotes  tumor 
cell  growth  in  LNCaP  cells.  The  cell 
growth  was  measured  by  MTT  assays. 

than  in  normal  healthy  donors  (Fig.  4). 

Thus,  it  would  be  interesting  to  determine 

whether  PCA-microDNA-7  can  serve  as  a 

novel  biomarker  for  prostate  cancer. 


Key  Research  Accomplishments 

•  We  identified  several  potential 
microDNAs  from  prostate  cancer 
cells  through  multiple 
displacement  amplification  and 
next  generation  sequencing. 


blood/serum  samples  from  healthy 
and  prostate  cancer  patients 


Therefore,  we  focused  on  PCA- 
microDNA-7  from  clinical  specimens. 
We  used  5  normal  (healthy  donor)  and  5 
prostate  cancer  patient  serum  samples 
from  a  commercial  source.  qPCR 
analysis  suggested  that  the  level  of 
PCA-microDNA-7  is  higher  in  patients 


Fig.  4  Detection  of  PCA-microDNA-7  in 
serum  samples  of  prostate  cancer 
patients  (n  =  5)  as  compared  to  healthy 
donors  (n  =  5) 
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•  PCA-microDNA-7  is  the  top  candidate  which  is  highly  expressed  in  prostate 


cancer  LNCaP  cells  as  compared  to  normal  prostate  cell  line  RWPE-1  cells. 

•  Overexpression  of  PCA-microDNA-7  in  prostate  cancer  cells  promotes  tumor 
cell  growth,  suggesting  an  oncogenic  role 

•  The  level  of  PCA-microDNA-7  is  higher  in  serum  samples  from  prostate  cancer 
patients  than  from  healthy  donors,  suggesting  PCA-microDNA-7  as  a  potential 
biomarker  for  prostate  cancer. 

Reportable  Outcomes 

A  manuscript  on  PCA-microDNA-7  is  in  preparation. 


Conclusions 

Deep  sequencing  of  MDA  samples  from  prostate  cancer  cells  has  identified  31 
potential  microDNA  candidates.  Clone  #7  is  a  top  candidate  based  on  size,  dinucleotide 
repeats  and  high  GC  content.  Furthermore,  we  overexpressed  PCA-microDNA-7  in 
prostate  cancer  cells  and  MTT  assays  suggest  that  PCA-microDNA-7  plays  an  oncogenic 
role.  Finally,  we  detect  a  high  level  of  PCA-microDNA-7  in  serum  samples  of  prostate 
cancer  patients  as  compared  to  healthy  donors.  Together,  these  results  suggest  that 
microDNAs  may  serve  as  novel  biomarkers  for  prostate  cancer.  Therefore,  further 
investigation  of  these  microDNAs  in  large  samples  is  warranted. 
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